We present the first high spectral resolution abundance analysis of two newly discovered Galactic globular clusters, namely Mercer 5 and 2MASS GC02 residing in regions of high interstellar reddening in the direction of the Galactic center.
Introduction
The properties of globular clusters and of their stellar populations provide fundamental information on the environment where galaxies formed, on the Galactic formation process, and are a basic ingredient for the understanding of the stellar populations in the external galaxies. Moreover, the properties of globular clusters are deeply connected with the history of their host galaxy. We believe today that galaxy collisions, galaxy cannibalism, as well as galaxy mergers leave their imprint on the globular cluster population of any given galaxy. Thus, when investigating globular clusters we hope to be able to use them as an acid test for our understanding of the formation and evolution of galaxies. The Galactic bulge is particularly important in the context of galaxy formation, as it is the only bulge that can be resolved into stars down to the bottom of the main sequence, and for which chemical abundances can be obtained with high-resolution spectra. Determinations of detailed chemical compositions are key data for studies of the origin and evolution of stellar populations, since they carry characteristic signatures of the objects that enrich the interstellar gas. The Galactic bulge globular clusters are relatively poorly understood stellar systems. The number of bulge globular cluster stars for which detailed chemical abundance information is available is considerably smaller compared to stars in halo clusters. Moreover, the advent of the new generation extensive surveys such as SDSS (Abazajian et al. 2009 ), 2MASS (Skrutskie et al. 2006) , GLIMPSE (Benjamin et al. 2003) , VISTA Variables in the Via Lactea (VVV) Public Survey (Minniti et al. 2010; Saito et al. 2012 ) yielded detection of several new Galactic Globular Clusters (GGCs). The December 2010 compilation of the Harris (1996) catalog included seven new GGCs not present in the February 2003 version, but several more cluster candidates have been proposed in the last years: SDSSJ1257+3419 (Sakamoto & Hasegawa 2006) , FSR 584 ), FSR 1767 ), FSR 190 (Froebrich et al. 2008a , Pfleiderer 2 (Ortolani et al. 2009 ), VVV CL001 (Minniti et al. 2011 ), Mercer 5 (Longmore et al. 2011 , VVV CL002 (Moni Bidin et al.
- 5 -2011 ) and Kronberger 49 (Ortolani et al. 2012) . Thus, detailed investigation of these newly discovered members of the globular cluster family can contribute significantly to the global understanding of the whole system. In this study we report the results of our high-resolution Phoenix spectroscopy of selected red giant stars of two newly-discovered globular clusters: 2MASS GC02 and Mercer 5, projected in the bulge area of the Galaxy. The globular cluster 2MASS GC02 was reported by Hurt et al. (2000) and was detected within the Two Micron All Sky Survey (2MASS). Later on Borissova et al. (2007) obtained deep infrared images and low-resolution K-band spectra. Based on the analysis of the J-Ks versus Ks color-magnitude diagram and spectroscopically derived metallicities and radial velocities of 15 stars they concluded that the cluster is moderately metal-rich ([Fe/H]=-1.1) and has a relatively high radial velocity. Its horizontal branch appears to be predominantly red, though the photometry can not rule out presence of a blue component as seen in NGC 6388 and NGC 6441. Comparison with the existing kinematic and abundance information for the GGCs indicates that 2MASS GC02 most probably belongs to the bulge sub-population, although inner halo association can not be ruled out. Recently, Alonso-García et al.
(2014) discovered 29 new variables inside the tidal radius of 2MASS GC02, using the Vista varaibles in the Via Lactea (VVV) ESO Large Public Survey. Eight of these variables are classified as RR Lyr stars. Using these newly discovered RR Lyrae stars, they found that the extinction towards the cluster is highly differential, and seems to follow a non-standard law, thus putting the cluster closer to the galactic center (calculated distance of RGc = 2.2 Kpc).
The dust-obscured Galactic star cluster Mercer 5 was investigated by Longmore et al. (2011) . The analysis of the near-infrared photometry from the United Kingdom Infrared Digital Sky Survey (UKIDSS) and the SofI/NTT near-IR spectroscopy, indicate that the object almost certainly is a Galactic Globular Cluster, located at the edge of the Galactic bulge. The cluster suffers strong and variable extinction, located at a distance of -6 -approximately 5.5 kpc and is also moderately metal-rich ([Fe/H]=-1.0).
Data, Reduction and Analysis
Relevant information about our target clusters is presented in Table 1 . Note that Mercer 5 is a newly discovered cluster (Mercer et al. 2005) , still not included in the online version of the Harris (1996) catalog (2010 edition). Both globular clusters targeted for observations are located at low Galactic latitude, close to the plane of the Milky Way, in regions of high interstellar reddening (see Figure 1 ). Hence Phoenix high-resolution near-infrared echelle spectrograph (Hinkle et al. 1998 ) mounted at Gemini South 8-m telescope was a natural choice for the observations. The combination of large telescope aperture and high spectral resolution is crucial for accurate abundance determination, considering the apparent magnitudes of the individual red giants in our sample. More specifically, the data reported in Table 1 are taken from Longmore et al. (2011) (Mercer 5) and Borissova et al. (2007) (2MASS GC02). The fundamental parameters of both clusters are calculated using the technique outlined in Ferraro et al. (2006) ; Valenti et al. (2005) and Valenti et al. (2007) , which allows to determine the reddening, distance modulus, and a global photometric metallicity of a globular cluster from its near-infrared CMD. In this case the RGB and HB clump calibrations were used. The targeted wavelength range was selected based on the line list published by Ryde et al. (2010) and covers a variety of Iron and α-elements metal lines. It also has the advantage of being devoid of bright OH airglow lines, which aids the analysis of faint spectral features. The Phoenix configuration that was used is presented in Table 2 . Note that the spectral coverage provided by Phoenix is limited by the size of the science array and is much smaller than the bandwidth of the H6420 order-sorting filter. 
Notes: Column (1) is the cluster ID, followed by the equatorial coordinates of the object (columns (2) and (3)). The Galactic coordinates are presented in columns (4) and (5). Column (6) shows the apparent diameter of the cluster, followed by an estimate of the color excess E(J-K) in column (7). The distance modulus to the object is listed in column (8), followed by the list of the references to the various sources of information used in the table.
( labeled. An elliptical projection of the Galactic coordinates was used with an all-sky image of the 2MASS stellar density set as a background.
-9 -
Red Giant Stars Sample Selection and Observations
The stars observed in each cluster were selected on the basis of pre-existing Near-IR CMDs and low-resolution spectroscopy (SofI/NTT, R∼1500 and ISAAC @ VLT, R∼500).
All of them were identified as high probability members of their host star clusters. The information about the individual stars observed is compiled in Table 3 . We observed stars close to the Tip of the Red Giant Branch (TRGB) in order to ensure that the spectra will reach the required S/N (∼ 60) with a sensible investment of observing time. Figure 2 shows the positions of the target stars in the clusters, and on their color-magnitude diagrams.
The J, H and Ks images are taken from the Vista variables in the Via Lactea Survey (VVV, DR2, http://horus.roe.ac.uk/vsa/, Saito et al. (2012) ) and UKIDS Galactic Plane Surveys (GPS,DR7, http://www.ukidss.org/index.html) and the three-color images are constructed.
The CMDs of the clusters are build using the photometric catalogs provided in VVV and GPS and include all objects residing into a 60 ′′ radius.
The spectra were acquired at Gemini South 8-m telescope during the semester 2010A
(Program GS-2010A-Q-30, PI P.Pessev). Since our targets are relatively faint for such high spectral resolution (H∼10-11), our observations took full advantage of the queue mode of operation, allowing us to impose exactly the required sky and seeing conditions during the data acquisition. A standard technique of ABBA offset pattern across the slit was used.
Due to the crowded nature of the observed fields (see Figure 2) we did a quick pre-imaging for the Phoenix acquisitions and provided detailed finder charts for the queue observers.
Telluric standards, of spectral class A or earlier, from the Gemini calibration library were observed either before or/and after the observations at matching airmass to ensure proper reduction and calibration. Since standard stars are significantly brighter than the science targets a larger offset along the slit (4 ′′ ) was used, with respect to that of the science data (2.5 ′′ ). According to the standard Gemini procedure, the exposure times for the tellurics -10 -were adjusted by the night observer (depending on the luminosity of the particular star and the observing conditions at the moment of the observation) to provide sufficient S/N for high quality calibration. In general the exposure times for the standards were much shorter with respect to those of the science targets. Flat fields were taken each time science data were acquired, before moving the grating or changing the instrument configuration, using the dedicated 100W GCAL calibration source. Phoenix darks with exposure times matching the flat field data were secured at the end of each night. The calibration dataset was completed by wavelength calibration frames acquired with the internal Phoenix ThAr lamp. Considering the significant investment of observing time required and taking into account the narrow wavelength coverage of Phoenix (that does not provide a favorable configuration of calibration lines on the detector), these were taken only for a fraction of the data as an extra wavelength reference cross-check.
Data Reduction
The reduction of the spectra was carried out in the IRAF 1 environment, using the standard procedure for Phoenix data 2 . Here we provide only a brief outline, with a focus on some crucial steps. First we need to trim all the science and calibration frames. This is important because a small section of the detector array is delaminated and the first ∼ 50 rows of each image are infested with a lot of bad pixels. Skipping that step will cause unnecessary complications during the entire data reduction process. Further the flats and Filter used H6420 Notes: Columns (1) and (2) are respectively the cluster and star ID, followed by the equatorial coordinates of the object (columns (3) and (4)). Column (5) is showing the distance between the individual star and the center of the corresponding cluster. The H magnitude of the object is given in column (6). The last two columns (7) and (8) are listing the UT date of the observation and the total exposure time used for the observations.
-12 -darks associated with each set of observations were combined and subtracted from the combined flats. The step of developing the normalized master flat for each set is particularly important, in order to properly remove the features due to variations in the slit illumination.
Normalization is also crucial for the reduction of the telluric standards, to avoid spurious features affecting the final results. OH airglow lines were removed from both standard and science targets stellar spectra by subtracting each one of the ABBA pairs. Then the two-dimensional frames were divided by the normalized flat fields before the extraction of the individual spectra. The one-dimensional spectra were wavelength calibrated, using atmospheric OH airglow lines. We targeted a spectral region that contains multiple interesting lines of Iron and α-process elements being devoid of bright airglow features. This is particularly beneficial for the data reduction and the analysis of weak spectral lines, but poses significant challenges for the wavelength calibration. Most of the available atlases of the OH airglow are not suitable for analysis of such high-resolution data, especially taking into account the width of the analyzed spectral region (see Table 2 ). Fortunately the long exposures on the science targets allowed to identify five airglow features and assign the corresponding wavelengths using the The Arcturus Atlas (telluric lines) obtained with Phoenix at Kitt Peak 3 (Hinkle et al. 1995) . The wavelength calibration solution was then cross-checked against the obtained arc lamp exposures. The telluric features in the final one-dimensional spectrum were corrected using the data for the corresponding standard stars. The resulting spectra for each of the stars in both 2MASS GC02 and Mercer 5 are presented on Figure 3 .
3 Available online at: ftp://cdsarc.u-strasbg.fr/cats/J/PASP/107/1042/ -13 -
Analysis of the Obtained Spectra
Stellar spectra and chemical abundances were analyzed using the MOOG code (Sneden 1973) . To perform the analysis the program relies on stellar atmospheres models and line lists of the atomic and molecular species in the studied wavelength range. The model atmospheres were computed with the ATLAS9 Kurucz, R.L. (1993) code. Recently a significant progress was achieved on the availability of the high resolution near-IR line lists, but it is still much more limited, compared to the optical wavelength range. Pioneering works of Wallace et al. (1996) and Hinkle et al. (1995) focused on hight-resolution, high signal-to-noise spectra of the Sun and Arcturus. Current effort is aimed on provide more uniform coverage across the HR diagram (see Lebzelter et al. (2012) ). Although this is a massive improvement over the earlier situation, more data and further studies are needed to match the optical spectral atlases for reference stars. The line list we used was kindly provided by Nills Ryde (private communication). It covers 699 atomic and molecular lines in the 15500 -15575 A wavelength region (see Table 6 ), including Iron lines, lines of α-elements and molecular lines (CN and OH).
MOOG computes synthetic spectra based input parameters, such as effective temperature, surface gravity, metallicity, micro-turbulence and α-elements abundance.
In order to determine the effective temperature we used the photometry and lowresolution spectroscopy published by Borissova et al. (2002) and Borissova et al. (2007) for 2MASS Surface gravity (log g) has been estimated from theoretical evolutionary tracks using the location of the stars on the red giant branch Origlia et al. (1997) . We performed spectral synthesis on suitable Fe I and Fe II lines to derive the metallicity. The micro-turbulence Table 4 ). We estimate the typical uncertainties of ∆T ef f ± 100K, ∆ log g ± 0.2 dex, ∆ξ micro ± 0.5 km s −1 , which translates into abundance errors for Fe∼0.14, N∼0.10, O∼0.11, Si∼0.14, Ti∼0.17, Ni∼0.17, respectively.
Results
Figure 3 shows our best-fitting synthetic spectra superimposed on the observed spectra of the target giants in both globular clusters. The derived stellar parameters and element abundances are summarized in Table 4 . By definition:
logǫ(X) = log n X /n H + 12,
where log n X is the number density of element X.
As mentioned before, the observed spectral interval does not cover the CO molecular ratios, but still compatible with other bulge clusters. Therefore, abundance ratios alone would not allow us to confirm that these two objects are indeed bound globular clusters.
On the other hand, the bulge metallicity distribution is populated only very sparsely at [Fe/H]∼-1.0, therefore if those 4 were just bulge field stars, the probability of having all of -16 -them so metal poor is virtually zero. Hence we confirm the cluster nature of both Mercer 5 and 2MASS GC02.
Summary
We present the first chemical abundance estimates of two newly discovered Galactic 
